. Working Principle of the MOSS. The array of laser spots is visible on the substrate in (a). The sketch in (b) shows how the substrate bends in the case of tensile stress (see magnifying glass) and how that changes the distance D of the reflected laser beams. The substrate curvature 1/ is calculated from the angle of incidence , the distance between sample and CCD camera and the mean differential spacing (D-D0)/D0 where D0 is the distance of the incident beams.
The typically assumed mechanism for strain relaxation in epitaxial thin films is the migration of pre-existing dislocation lines, which creates additional interface dislocations that reduce the average strain. Assuming an equilibrium model (e.g. the Matthews and Blakeslee equilibrium model [2] ), the elastic energy of the film remains constant above the critical thickness and, as a consequence, so does the substrate curvature [3] [4] [5] . Figure 3c in the manuscript shows the evolution of the curvature during the growth of a BZY film on a BZC-buffered MgO substrate. The total thickness of the film is about 120 nm and the onset of relaxation (i.e. the constant curvature regime) is found at around 85 nm. Throughout the article 2σ confidence intervals, including the exact values with a probability of approximately 95%, were considered. The error bars offer a visual approach. To quantitatively confirm the change of activation energy in Figure 6 in the manuscript, we fit an activation energy at higher temperatures and observe a result statistically different from the one fitted at lower temperatures. We visualize in Figure S5 the result of such a fitting procedure. Only in the doped system, the estimated Gaussian probabilities do not overlap because of the ongoing transition, as temperature lowers, to a different transport regime. In Figure S6 a typical Fourier transform of the proton velocity autocorrelation function is reported, with superimposed the frequency of the Nose'-Hoover thermostat, chosen to be distant from the characteristic stretch and wag frequencies [6] [7] of proton motion in order to limit possible perturbing effects to proton dynamics. When computing the power spectra of non-diffusing elements (not reported) we observed a dynamical decoupling of the proton motion with respect to the other elements. Physically this implies that to a large extent the contribution of the oxygen matrix to proton diffusion is dominated by the equilibrium Boltzmann distribution of the oxygen-oxygen distances and not by the details of the oxygen dynamics. In Figure S9 we report the behaviour of the fictitious electronic and ionic kinetic energy,
showing that the Car-Parrinello molecular dynamics scheme could be efficiently applied. Figure S9 . Adiabatic condition for Car-Parrinello molecular dynamics. The plot shows the fictitious electronic and total ionic kinetic energy of the system studied at a representative temperature of 1000K, proving that it is possible to achieve stable, adiabatic dynamics, in
